The Lepidopterological Society of Japan 


ECR Trans. lepid. Soc. Japan 47 (1): 17-28, March 1996 


Flight activities of Colias erate (Lepidoptera, Pieridae) in high and low 
altitudes* 


Takashi TSUBUKI” and Tatsuo TAKIZAWA” 


V Jamonji High School, 1-10-33, Kita6tsuka, Toshima-ku, Tokyo, 170 Japan 
2 1481-4, Suwagata, Ueda City, Nagano, 386 Japan 


Abstract Flight activities of Colias erate were studied at high and low altitudes in Nagano 
Prefecture in summer from the viewpoint of body temperature of flying butterflies and 
environmental factors. Their flight activities were depressed by low body temperature at a 
high altitude and by high body one at a low altitude. At a high altitude the body temperature 
of flying butterflies ranged from 25 to 30°C when it was fine and many butterflies flew at the 
range in which the limited environmental factors happened many times in the suitable 
condition for flight because the climate changed so rapidly that the suitable condition for flight 
was not stable. At a low altitude the flight activities of butterflies peaked twice in the 
morning and afternoon. On the other hand light intensity showed a unimodal peak at 13:00 
(or 14:00) and from 12:00 to 14: 00 the flight activities tended to have negative correlation to 
the light intensity. When the light intensity was high, butterflies could not fly because high 
radiant heat might raise the body temperature above the upper limit for flight. Consequently 
the different types of daily flight activities in Coltas erate appeared according to the different 
environmental conditions between high and low altitudes at the same season; undecided type 
at a high altitude and bimodal type at a low one. 


Key words Colias erate, flight activity, body temperature, light intensity, radiant heat, low 
and high altitudes. 


Introduction 


Several researches of the flight activity in butterflies have been made concerning on 
environmental factors (Akita, 1979, 1981; Akiyama et al., 1969; Hirose, 1954; Ikejiri et 
al., 1980 ; Kéda, 1982 ; Koda et al., 1975 ; Mitsuishi, 1978 ; Ogawa, 1989, 1990, 1991, 1992, 
1994 ; Ozone et al., 1982; Ozaki & Yamashita, 1951). 


In Colias erate, Takizawa (1957) reported the flight activities in relation to the atmo- 
spheric temperature. Yamamoto (1981) also studied the activities of many butterflies, 
including C. erate, based on climatic conditions and Tashita & Ichimura (1995) reported 
the thermoreguration of C. evate according to the radiation. 


The authors made the comparison of the flight activities of C. erate in relation to some 
environmental factors between high and low altitudes. In this report the difference of 
flight activities of this species between high and low altitudes was shown and discussed 
from the viewpoint of environmental factors and thermoregulation. 


Method 


Flight activities of C. erate were observed at grass fields of two sites in Nagano 
Prefecture: Site 1, the Yunomaru Heights (about 1,750 m above sea level) in Tôbu Town 
and Site 2, a suburb of Ueda City (about 650 m above sea level). The Site 1 was situated 
between larch groves, and covered with various kinds of grasses which were about 50 cm 





* This study was presented at the 1992 annual meeting of the Lepidopterological Society of Japan 
and its abstract was contained in Yadoriga (155): 27, 1993. 
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high. C. erate sometimes visited the flowers of Eupatorium sachalinense and Cirsium 
japonicum. The number of flying butterflies, atmospheric temperature, humidity (1.5 m 
above the ground at the edge of the grove), sunlight intensity and radiant heat (0.5m 
above the ground) were recorded in every 10 minutes in 5 days about from 6: 00 to 17: 00 
(Aug. 6, 7, 1986; Aug. 12, 13, 1987; Aug. 10, 1989). The radiant heat was measured in the 
sunlight with an alcohol thermometer painted black at a bulb. Most butterflies were 
yellow type though their type was not recorded in each butterfly. The Site 2 was located 
at the side of the pond and covered with grasses including Trifolium repens and Erigeron 
annuus. The butterflies of C. erate often visited the flowers of both species. The 
former was also a food plant for C. erate. The study was performed from 7:00 to 18: 
00 in the same way except for the last 2 factors for 3 days (Aug. 19-21, 1987). 


Besides, at the Site 1 body temperature of butterflies was measured to 0.1°C using a 
portable digital thermometer with a thermocouple probe of 0.5mm in diameter. The 
probe was inserted into the centre of the thorax from the ventral side of each butterfly 
within 10 seconds after capture without touching the body with distinction between flying 
and perching butterflies. Then immediately atmospheric temperature, light intensity 
and radiant heat were measured, though these 3 environmental factors were not 
measured in every case. After measuring the body temperature butterflies were set free. 
It was performed in 6 days (Aug. 12, 1987; Aug. 6,7, 1988; Aug. 10, 1989; Aug. 17, 18, 
1990). 


Results 


1. Flight activities of butterflies and environmental factors at a high altitude 


The number of flying Colias erate and environmental factors at Site 1 on Aug. 10, 1989 
were shown in Fig.1 as one example. The weather was not stable and it was fine till 
7:30, then clouds appeared very often to cover the sun till 16:40. Obsevation was 
finished at 17:30. The butterflies began to fly at 7: 46 and finished at 17: 00 (they were 
the earliest beginning and the latest finishing flights in all observations), and environmen- 
tal factors were as follows; at the beginning of flight: atmospheric temperature 19°C, 
light intensity 33,000 lux, radiant heat 24°C and humidity 79%, and at the end of flight : 
19.5°C, 30,000 lux, 26°C and 74%. Many flying butterflies were observed from 14:00 to 
16:00, but peaks of the flight activities were not clear ina day. Of the 4 environmental 
factors humidity seemed to have little influence to the flight activities. They were 
depressed when light intensity, radiant heat and atmospheric temperature were low in 
the cases 10:30 to 10: 40, 12:50 to 13: 20 and 16: 20 to 16:30. But all the 3 factors did 
not always get low at the same time. Besides, in some cases, e.g. from 8:30 to 8:40 
only radiant heat went down and no butterflies were observed as shown. In the result 
of 5-day observation (Aug. 6, 7, 1986; Aug. 12,13, 1987; Aug. 10, 1989), no fixed diurnal 
flight activity was seen at Site 1 (the Yunomaru Heights), because the environmental 
factors were changing rapidly at a high altitude. Then the average of each of the 3 and 


Table 1. Relationship between body temperature and number of male individuals at the 
Yunomaru Heights (Site 1). 





Body temperature (C) 23 24 25 26 27 28 29 30 31 32 33 





Number of flying individuals 2* 1* 2 2 2 2 3 1 1(1) (1) 1 
Number of resting individuals qd) 1,(1*) 1 1 





Number in parenthesis means that of female individuals. 
Number with asterisk means individuals in shade or under clouds. 
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total number of flying individuals in every hour of the 3days were shown in Fig. 2. 
Though no fixed diurnal flight activity was also recognized, butterflies had a tendency to 
reduce their flight activities at the drops of the 3 environmental ones. Light intensity 
and atmospheric temperature tended to be antagonistically related to the flight activities 


of the butterflies in the lowest limit of the atmospheric temperature and light intensity 
(Fig. 4). 


2. Flight activities of butterflies and environmental factors at a low altitude 


The results at the Site 2 (a suburb of Ueda City) were exhibited in Fig.3. It was very 
fine in these 3 days. The flight activities of butterflies peaked twice in the morning and 
afternoon, and few flying individuals were observed from 12:00 to 14:00. On the other 
hand both light intensity and atmospheric temperature showed a unimodal peak at 13 : 00 
(or 14: 00) and 15: 00 respectively. The number of flying butterflies decreased when the 
light intensity was very high, over about 90,000 lux. Many butterflies, however, flew 
when the atmospheric temperature was peaked, and they had no tendency to fly before 
the peak. From 12:00 to 14:00 their flight activities seemed to have more negative 
correlation to the light intensity than to the atmospheric temperature. 


3. Body temperature of butterflies at a high altitude 


The body temperature of 24 individuals was shown in Table 1. It was measured from 
8:00 to 15: 20 in 6 days (Aug. 12, 1987; Aug. 6, 7, 1988; Aug. 10, 1989; Aug. 17, 18, 1990). 
The body temperature of flying butterflies ranged from 25 to 30°C when it was fine, and 
it got low from 23 to 24°C according to the drop of radiant heat in the shade of grass or 
when it was cloudy. The relations were shown between the body temperature and light 
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Fig. 1. Flight activity of Colias erate and environmental factors at the Yunomaru Heights 
(Site 1, about 1,750 m above sea level) on Aug. 10, 1989. 
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Fig.2. Change of flight activity and environmental factors of every 1 hour in a day at Site 
1. Number of flying butterflies is the total number observed in 1 hour counted every 
10 minutes. Environmental factors shows the averages of data in every 10 minutes 
of 1 hour. 


intensity, atmospheric temperature and radiant heat respectively (Figs 5-7). The body 
temperature had a tendency to be neither correlative with atmospheric temperature (r= 
0.43, n=14) nor radiant heat (r=0.39, n=13) but with light intensity (r=0.72, n=14, 
0.001<P<0.01). 


Discussion 


At the Yunomaru Heights (Site 1) no fixed characters were found in daily flight activities 
of the butterflies, and weak light intensity and low radiant heat or atmospheric tempera- 
ture prevented butterflies from flying (Figs 1-2). It was thought that weak light intensity 
and low radiant heat or low atmospheric temperature led low body temperature. Then 
butterflies could not maintain the suitable body temperature for flying. 


At Ueda City (Site 2) the flight activities of the butterflies were correlated with light 
intensity and atmospheric temperature from 7 : 00 to 10: 00 and from 15: 00 to 18: 00, but 
for 2 hours from 12:00 to 14:00. Strong light intensity and high atmospheric tempera- 
ture seemed to depress their flight activities, in particular the former more influenced the 
activities than the latter (Fig. 3). When light intensity was strong, radiant heat ought to 
be raised. Then the body temperature of butterflies might rise up too much to fly. The 
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Fig. 3. Change of flight activity and environmental factors in every 1 hour at Ueda City 
(Site 2, about 650 m above sea level), shown as the same way of Fig. 2. 


body temperature ranged 35-40°C in summer at a grass field of Nagano City, and over 
this range C. erate did not fly. It was presumed that the high body temperature 
prevented enzime activities (Tashita & Ichimura, 1995). The bimodal type of diurnal 
activities of C. erate was also reported in Nagano City in July (Takizawa, 1957). In C. 
erate, Yamamoto (19885) showed the same pattern of diurnal activities as the total 
activities of the seasons around Ryfigasaki City, Ibaraki Prefecture. 


In summer C. evate at a low altitude did not fly when their body temperature became 
higher than the upper limit, and at a high altitude they did not fly when it decreased below 
the lower limit for flight. This caused the different diurnal types of flight activities. 
Flight activities of C. erate showed bimodal and unimodal types in summer and autumn 
respectively in Nagano City (Tashita & Ichimura, 1995). At the Yunomaru Heights (Site 
1) C. erate flew with the body temperature ranged from 25 to 30°C when it was fine in 
August (Table 1). The body temperature range coincided with that at a low altitude in 
autumn (Tashita & Ichimura, 1995), and was lower than the lower limit of voluntary 
active range from 28 to 30°C in Colias butterflies (Watt, 1968). When it was cloudy or 
in the shade the body temperature of butterflies tended to be much lower from 23 to 24°C 
range (Table 1). 


Ohsaki (1986, 1987) concluded that the behavioural responses of Pieris butterflies to the 
thermal condition could be analyzed by using not atmospheric temperature but solar 
radiation. At the lower thermal condition the flight activities in C. erate had a tendency 
to be effected by the light intensity and atmospheric temperature antagonistically (Fig. 
4). The flight activities depended on the body temperature which was maintained by 
radiant heat and atmospheric temperature. The body temperature was kept by light 
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intensity (maybe radiant heat) at low atmospheric temperature and by atmospheric 
temperature at low light intensity. In the present study the body temperature did not 
tended to correlate with radiant heat but with light intensity (Figs 5, 7). These results 
might be caused because the measured radiant heat was not white one but black one. 
The gained radiant heat by the summer form of C. evate seemed smaller than the black 
radiant heat. Therefore it was thought that the flight activities of butterflies were 


Light intensity( x 10* Lux) 





Atmospheric temperature( °C) 


Fig. 4. Correlation between atmospheric temperature and light intensity for flight activ- 


ities of butterflies at Site 1 (Aug. 7, 1986, Aug. 12, 1987, Aug. 10, 1989). One circle 
means one individual. 
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Fig.5. Relationship between body temperature and light intensity for flight activities of 
butterflies at Site 1 (r=0.72, n=13). One circle means one individual. 
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controlled by the body temperature which was maintained by radiant heat and atmo- 
spheric temperature. 


There was no fixed type of diurnal flight activities of C. erate at the Yunomaru Heights. 
The authors tried to analyze, when the butterflies flew. The total number of flying 
butterflies was counted at the same condition in each 3 factor: radiant heat, atmospheric 
temperature and light intensity. Moreover it was also counted how many times the each 
environmental factor was measured in the same range. The ratio was shown of “total 
number of flying individuals/times of measured factor in the same range” (Table 2-4). 
Table 2 shows flying individuals and radiant heat (e. g. radiant heat of 23°C means from 
23.0 to 23.9°C and the first asterisked ratio of 4/13 in Aug. 7, 1986 means that 4 individuals 
flew under the above range of radiant heat from 23.0 to 23.9°C, which was measured 13 


Body temperature(°C) 
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Fig. 6. Relationship between body and atmospheric temperatures for flight activities of 
butterflies at Site 1 (r=0.43, n=14). One circle means one individual. 
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Fig.7. Relationship between body temperature and radiant heat for flight activities of 
butterflies at Site 1 (r=0.39, n=13). One circle means one individual. 
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times in the day of Aug. 7, 1986). Asterisk(*) shows that many butterflies flew under the 
each condition. In radiant heat many butterflies flew from 21 to 28°C. But the range for 
flight activities were different according to the day : 23-25°C (Aug. 7, 1986), 22, 24-25 and 
27°C (Aug. 12, 1987) and 21-22, 23-26 and 28°C (Aug. 10, 1989). As for light intensity 
(Table 3) many flying butterflies were observed in 10,000 to 80,000 and 100,000 lux. The 
best light intensity of each day was 70,000 and 100,000-110,000 lux (Aug. 7, 1988), 10,000 
and 50,000-60,000 lux (Aug. 12, 1987) and 20,000-50,000 and 80,000 lux (Aug. 10, 1989). As 
to atmospheric temperature (Table 4) they flew very actively in 19 to 23°C and not 
actively below 18°C. Few butterflies were seen above 24°C and many butterflies flew 
around 21°C (Aug. 7, 1986), 22-23°C (Aug. 12, 1987) and 19-22°C (Aug. 10, 1989). Judging 
from Tables 2-4, it was concluded that within the range which the butterflies were able 
to fly in a day the more times each limited environmental factor happened, the more 
numbers of butterflies flew. At a high altitude the climate changes so rapidly that the 
suitable condition was not stable. Consequently many individuals of C. erate flew at the 
limited time when it was suitable for their flight, differing from the pattern of flight 
activity at a low altitude on fine days. 


There were some studies on flight activities of the butterflies in the subalpine zones. 
Erebia niphonica at the Yunomaru Heights (Ikejiri ef al., 1980) was very influenced by 
light intensity and had no fixed diurnal activities as in C. evate at a high altitude. This 
character was also found in Oeneis norna and C. palaeno (e. g. Ogawa, 1989), E. 
niphonica and E. ligea (e. g. Ogawa, 1990, 1991). On the other hand Aporta hippia showed 
a bimodal type in flight activity (Mitsuishi, 1978) as in C. erate at a low altitude. C. erate 
seemed to fly and visited flowers when the environmental conditions were suitable. At 
a low altitude on fine days the environmental conditions were usually suitable for C. erate 


Table 2. Relationship between the number of flying individuals and radiant heat at the 
Yunomaru Heights (Site 1). The range of 16°C means from 16.0 to 16.9°C. Asterisk (*) 
shows many butterflies flew under each condition. 








Number of flying /times of measured radiant 
Range of individuals heat in the same range 
radiant heat (C) 











Aug. 7, ’86 Aug. 12, ’87 Aug. 10, ’89 Total 
16 0/1 s 0/1 0/2 
17 S = = = 
18 0/2 = 0/1 0/3 
19 0/9 = 0/1 0/10 
20 2/9 0/5 3/5 5/19 
*21 2/8 1/10 *11/7 *14/25 
*22 0/7 *4/10 *12/14 *16/31 
*23 *4/13 2/8 8/9 *14/30 
*24 *4/10 *4/12 *11/13 *19/35 
*25 *4/8 *7/10 *21715 *32/33 
*26 1/5 3/6 *12/9 *16/20 
*27 1/2 *7/7 4/7 *12/16 
*28 - 3/3 *10/7 *10/13 
29 F 2/6 5/1 7/7 
30 ー 1/3 1/2 2/5 
31 a 1/2 = 1/2 
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Table 3. Relationship between the number of flying individuals and light intensity at the 
Yunomaru Heights (Site 1). The range of 0X10* means from 0 to 9999 lux. Asterisk 
(*) shows many butterflies flew under each condition. 








Range of light Number of flying /times of measured light intensity 











intensity (104 individuals in the same radiano 
lux) Aug. 7, ’86 Aug. 12, ’87 Aug. 10, ’89 Total 
0 0/2 - ー 0/2 
sj 2/14 *6/20 3/10 *11/44 
*2 1/6 3/16 *15/13 *19/35 
*3 0/9 1/5 *20/24 *21/38 
*4 0/5 2/7 *11/8 *13/20 
*5 0/3 *5/10 *18/15 *23/28 
*6 0/7 *6/7 4/5 *10/19 
*7 *4/6 2/2 5/5 *11/13 
*8 0/2 3/4 *14/10 *17/16 
9 0/2 0/1 5/2 5/5 
*10 *4/5 3/4 4/1 *11/10 
11 *4/3 1/1 1/1 6/5 
12 1/5 3/3 4/8 
13 = に = = 
14 1/1 E = 1/1 
15 1/1 - - 1/1 








Table 4. Relationship between the number of flying individuals and atmospheric temperature 
at the Yunomaru Heights (Site 1). The range of 14°C means from 14.0 to 14.9°C. 
Asterisk (*) shows many butterflies flew under each condition. 





Number of flying /times of measured atmospheric 





Atmospheric individuals temperature in the same range 
temperature (°C) 
Aug. 7, ’86 Aug. 12, ’87 Aug. 10, ’89 Total 
14 0/1 - ー 0/1 
15 = = 0/1 0/1 
16 0/2 = 0/2 
17 0/3 = 0/2 0/5 
18 0/2 ~ 1/4 1/6 
*19 2/12 = *21/26 *22/38 
*20 1/11 0/6 *30/30 *31/47 
121 *11/25 0/10 *37/30 *48/65 
*22 4/17 *13/26 *11/12 *28/55 
*23 0/1 *18/35 = *18/36 
24 4/6 = 4/6 
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to fly except for 1 to 2 hours around noon at which the body temperature was over the 
voluntary flight range, and at a high altitude the environmental ones often change quickly 
and unsuitable conditions occured abruptly. Then C. evate could not fly when its body 
temperature got below the voluntary flight range. According to the different environ- 
mental conditions between high and low altitudes, C. evate showed different patterns of 
flight activities. The bimodal flying activity in A. hippia seems to be influenced by light 
intensity to their body temperature as in C. erate at a low altitude and the upper limit 
of body temperature might be low for flight activities in A. hippia. But E. niphonica and 
E. ligea had no fixed diurnal flight activities, as C. evate at a high altitude. In Colias 
butterflies some variation of melanin pigments were reported according to the seasons 
(Tashita & Ichimura, 1995; Watt, 1969) and to their living altitudes (Watt, 1968; 
Kingsolver, 1985). There was a fact that the body temperature of C. evate was different 
between high altitude (25-30°C) and low one in Nagano City in August (35-40°C, Tashita 
& Ichimura, 1995). C. erate was widely distributed from 700 to 1,800 m above sea level 
in the Yunomaru Heights (Yamamoto, 19884), and had high flight ability and might be 
able to fly easily from a low altitude to a high one and vice versa. Then it was thought 
that the different body temperatures between them were an adaptation to the different 
environmental conditions between high and low altitudes. On the other hand in summer 
type of C. erate there was some probability that some variations of melanin pigments 
occured between at the Yunomaru Heights and at Ueda City, and that they were different 
populations from each other. But the melanization did not seem to be so strong in 4 
yellow specimens of summer type at the Yunomaru Heights as in 8 specimens of spring 
and autumn type at low altitudes. On body temperature Colas butterflies had the 
voluntary activity range from 28-30°C to 40-42°C (Watt, 1968) and they took a rest under 
and over that range for heat seeking and heat avoiding respectively for flight activity. 
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摘 要 
平地 と 高地 に お ける モン キチ ョ ツウ の 飛翔 活動 性 ( 津 吹 卓 ・ 滝 澤 達 夫 ) 


モン キチ ョ ウ の 飛翔 活動 性 を , 1986-90 年 の 8 月 に 5 日 間 , 第 1 調査 地 で ある 長野 県 東部 町 湯 の 丸 
高原 の 草原 (海抜 約 1.750 m) で 6 : 00-17 : 00 に 調査 し た . 方 法 は 10 分 お き に , 環境 条件 と し て 気 
漫 ・ 照 度 ・ 幅 射 府 (温度 計 の アル コー ル 球 の 部 分 を 黒く 塗っ た も の を 日 向 に お く )・ 湿 度 を 測定 し , 一 
EZERA TEEF a Y OER EART. さら に 1987-90 年 の 8 月 に 6 ARS, 捕獲 し た 個 
体 の 体 に 触れ な いら よ うに し て 10 秒 以内 に 腹面 か ら 胸部 に 熱電 対 (直径 0.5 mm) を 刺し , デジ タル 
温度 計 で 体温 を 測定 し た . また , 長野 県 上 田 市 郊外 の 草原 (海抜 約 650 m) を 第 2 調査 地 と し , 
1987 年 8 月 の 3 日 間 に 7:00-18 : 00 の 間 , 上 記 と 同様 に 気温 ・ 照 度 ・ 飛 翔 個体 数 を 記録 し た . これ ら 
の 結果 を 比較 し , 両 地域 に お ける モン キチ ョ ウ の 飛 半 活 動 性 の 相違 を 体温 の 観点 か ら 考 察し た . 
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湯 の 丸 高原 で の 飛 郊 活動 に は 決ま っ た 日 周 活動 性 は 見 られ な い が , HARE A. SHO FR IC Id 
飛翔 個体 数 も 減少 し た ( 図 1-2. この 理由 は 体温 が 飛翔 に 適し た 範囲 より も 低く な る か ら な の で あ 
ろう . 一 方 , 上 田 で は 照度 ・ 気 温 は 単 峰 型 な の に 対し 飛 北 活動 は 午前 と 午後 ヒ に ピーク を 持つ 双 上 峰 型 
に な っ た ( 図 3). この と き 和 飛 逆 活動 が 抑え られ て いる の は 気温 が 高い と きよ り も むし ろ 高 昭 度 の と 
き で あり , 12:00-14:00 で 飛翔 活動 と 照度 の 問 に 負 の 相関 の 傾向 が み ら れ だ た. 照度 が 高い と き 飛 逆 
で き な い の は , 四 射 熱 に より 体温 が 飛翔 に 適し た 範囲 を 越 を る た め な の で あろ う . 


湯 の 丸 高原 で 8 月 に 日 向 を 飛翔 する 個体 の 体温 は 25-30'C で あっ た が (R1, これ は モン キチ ョ ウ 
属 の 自発 的 活動 温度 帯 の 下限 (28-30'C: Watt, 1968) より も 低く , 平地 で 秋季 に 飛翔 する モン キ 
チョ ツウ の 体温 ( 田 下 ・ 市 村 , 1995) と 一 致す る . な お 曇 の と き や 日 陰 で の 飛翔 個体 の 体温 は さら に 低 
く , 23-24*C で あっ た (#1). また 体温 は 四 射 熱 や 気温 と で は な く , 照度 と 正 の 相関 の 傾向 が 見 ら 
れ た (X 4-6). この 理由 は , 測定 し た の が 黒色 四 射 熱 で も あり, 夏 型 で は 四 射 熱 が これ ほど に は 吸収 
され な か っ た た めか も し れ な い . さら に , 飛 半 活 動 の 下限 で は 気温 と 照度 が 括 抗 的 に 働い て いる よ 
う で (B44), 体温 は 気温 が 低い ぃ と き は 主 に 照度 (実際 に は 四 射 熱 で あろ う ) に より , また 照度 が 低 
いと き は 主 に 気温 に より 維持 され る よう で ある . 結局 , 飛翔 活動 は 四 射 熱 や 気温 に 維持 され た 体温 
の 高き に より コン トロ ー ル され て いる と 考え られ る . 


湯 の 丸 高原 に お いて , どの よう な 環境 条件 の と き に 飛翔 活動 が 盛ん に な る の か を 照度 ・ 還 射 熱 ・ 気 温 
に つい て 調べ て みる と , 日 に よっ て 条件 は 異な っ て いた . そこ で , 1 日 ご ど と に 「 あ る 範囲 に お いて 測 
定 さ れ た 環境 条件 の 回 数 ] に 対す る 「 そ の 範囲 で 飛翔 し た 個体 数 ] を 出し て みた ( 表 2-4). その 結果 , 
飛翔 可能 な 環境 条件 の 範囲 に お いて は , その 日 に 起き た 環境 条件 が 多い と ころ で 飛 逆 個体 も 多く 見 
られ る こと が 分 か っ た . 高原 で は 環境 条件 は 激変 する た め に 飛翔 に 適し た 環境 条件 は 不安 定 で あり , 
チョ ウ は テ 飛 交 し た に と き に いつ で も 飛べ る と は 限ら な に . その 結果 , 飛翔 活動 は 飛 逆 で きる 限ら れ 
た と き に 集中 し , その た め に 快晴 時 に 平地 で 見 られ る 日 周 活動 性 と は 異な っ た パタ ー ン と な っ て 現 
れる の で あろ う . 


亜 高 山 帯 に 生息 する チョ ウ 類 の 飛翔 活動 性 を 見 て みる と , 湯 の 丸 高原 で の ベニ ヒ カ ゲ は , 高原 で の 
モン キチ ョ ツウ と 同様 に 照度 に 強い 影響 を 受け る が , 主たる ピー ク は 見 られ な い (池尻 他 , 1980)、 同 
じ 特 徴 が タカ ネ ヒ カゲ ・ ミ ヤマ モン キチ ョ ツウ (小川 , 1989, ベニ ヒ カ ゲ ・ ク モ マ ベニ ヒ カ ゲ UNI, 
1990, 1991, 1992, 1994) で も 見 られ る . 一 方 , ミヤ マシ ロ チ ョ ツウ (三石 , 1978) は , 平地 で の モン キ 
チョ ウ と 同様 , 双 峰 型 の 日 周 活動 性 を 示す . ミヤ マシ ロ チ ョ ウツ ウ の 飛 逆 活 動 の 可能 な 上 限 の 体温 は 低 
い の か も 知れ な い . モン キチ ョ ウッ は 環境 条件 が よけれ ば 飛翔 し , 高地 で は 思 射 熱 が 弱く 体温 が 自発 
的 活動 温度 帯 (Watt, 1968) より 低い と き に は , また 平地 で は 較 射 熱 が 強 す ぎ て 体温 が 自発 的 活動 
温度 帯 よ り 高 いと き に は 飛 逆 し な い . 高地 と 平地 の 環境 の 違い が モン キチ ョ ツウ の 日 周 活動 性 に お い 
て 異な っ た タイ プ を も た らし て いる の で ある . メラ ニン 色素 の 変異 は , 季節 型 の 違い で は モン キ 
チョ ツウ ( 田 下 ・ 市 村 , 1995) や オオ モン キチ ョ ツウ (Watt, 1969) T, また 種 間 で は モン キチ ョ ウ 属 の 
生息 場所 の 標高 差 に 基づい て (Watt, 1968; Kingsolver, 1985) 知ら ん れ てい る. また 8 月 の , BOK 
高原 で の 体温 (25-30°C) と 長野 市 の 平地 で の 体温 (35-40*C, 田 下 ・ 市 村 , 1995) に , 差 が ある と い 
う 事 実 が ある . モン キチ ョ ウ は , 湯 の 丸 高原 で は 標高 700-1.800 m に 広く 分 布 し (山本 , 19882), 
飛翔 力 が 強い た め 両 地域 を 自由 に た や すく < 移動 で きる 可能 性 は 高い の で , 標高 差 に 対す る 適応 な の 
で あろ る うか. 一 方 , 別 の 可能 性 と し て は , 夏 型 の モン キチ ョ ウ で は 湯 の 丸 高原 と 上 田 と の 間 で メラ 
ニン 色素 の 状態 に 差異 が あり , 両 地域 の モン キチ ョ ウ の 個体 群 が 異 な る , と いう こと も 考え られ る . 
けれ ども 湯 の 丸 高原 の 黄色 型 の 夏 型 を 見 る と , サン プル 数 は 少な い が , メラ ニン 色素 が と くに 多い 
よう に は 思え な い . し か し , どう いう 理由 に し ろ 体 温 に 基づい て 適し た 環境 条件 の と き に 飛翔 を 行 
な い , それ が 結果 的 に 両 地域 で 異な っ た 飛翔 活動 性 に 見 を る の で あろ う . 
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